A Preliminary Study on the Extracellular
It has been observed that storage of softwoods in water often serves to increase their permeability to subsequent treatment with preservatives. Vasil'ev (1965) , Ellwood & Ecklund (1959) , Lutz e t a / . (1966) and Dunleavy & Fogarty (1971a & Fogarty ( , 1972 all associated microbial activity with this process. Dunleavy & McQuire (1970) have established that during water storage of Sitka spruce (Picea sitchensis) destruction of the tori and bordered pit membranes occurs, together with partial degradation of the cross-field pits. They concluded that this was responsible for the observed permeability changes.
There is considerable evidence to suggest that permeability increases are the result of degradation of some wood substances by bacterial enzymes. Ellwood & Ecklund (1959) and also Knuth & McCoy (1962) traced the better permeability of water-stored sapwood to degradation of pectin, starch and perhaps hemicellulose and cellulose.
Seifert (1967) similarly found a 5 % decrease in cellulose and a 13 % decrease in hemicellulose. Liese & Karnop (1968) isolated organisms from water-stored wood and noted their ability to elaborate extracellular hydrolases. Bacterial isolates (W. M. Fogarty, unpublished work) from the sap of wood stored in a freshwater lake were shown to elaborate amylase, xylanase and pectinase activities (Fogarty & Ward, 1972~) . Two of the bacterial species elaborating these enzymes were also found to increase the permeability of Sitka-spruce sapwood blocks (Dunleavy & Fogarty, 19716 Fogarty, 19726) . When the pattern of amylase activity was followed in the expressed sap of ponded Sitka spruce, a peak for enzyme activity was found to occur between the tenth and thirteenth weeks, at a time when bacterial numbers were also high. Two of the bacterial isolates, shown to be responsible for the alterations in permeability, elaborate amylase activity in sapwood blocks in laboratory experiments (Fogarty & Ward, 1972d) . We have investigated the production, purification and properties of the amylase of one of these bacteria, a Bacillus sp.
In nutritional experiments 1 ml volumes of an active cell suspension were inoculated into 250ml Erlenmeyer flasks, each containing 50ml of medium. These were then shaken at 150 oscillations/min in a New Brunswick orbital incubator (model G25) at 27°C. The effect of nitrogen source on enzyme elaboration was determined by incorporating various nitrogen sources into a basal salts medium, containing 0.5% (w/v) of sodium polypectate (Sigma Chemical Co., St. Louis, Mo., U.S.A.) as carbon source. The complex nitrogen sources peptone, casein hydrolysate, casein and yeast extract gave the best amylase induction. In contrast, induction of amylase by inorganic nitrogen sources was very low. The effect of carbon source on enzyme production was evaluated by addition of various carbon sources (0.5 %, w/v) to a basal salts medium containing peptone as nitrogen source. Sodium polypectate and raffinose induced the highest amylase activity in these experiments. The effect of pH on enzyme production was also investigated. Amylase activity was elaborated by the organism over the pH range 5.8-7.8. Although the rate of enzyme production was higher at pH5.8, highest amylase activity was obtained at pH7.8. The addition of complex nitrogen sources to the growth medium also resulted in the induction of high extracellular protease activity (Ward & Fogarty, 1971~) . By omitting CaCI, from the growth medium it was possible to eliminate most of the protease activity. The The 40-60 %-saturated-(NH4),S04 fraction was free of polygalacturonate lyase activity.
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experiments carried out on this aspect suggest that the absence of CaC12 had the result of destabilizing the protease rather than having any direct effect on protease production. The organism was grown in a peptone-raffinose-basal salts medium in the absence of Ca2+ to produce amylase for purification studies. The enzyme was first fractionated with (NH4)2S04. Fig. 1 shows how amylase activity in the cell-free supernatant could be separated from the polygalacturonate lyase that is produced constitutively by this organism. The 40-60 %-~aturation-(NH~)~SO~ fraction, dialysed against low-sodium acetate buffer, pH 5.0, was applied to a previously equilibrated CM-cellulose column. After being washed, the column was eluted with 4Om~-sodium phosphate buffer, pH7.0. By this procedure the specific activity of the enzyme was increased 57.2-fold. A yield of 39.5% of the original activity was obtained. The purified enzyme was free of the polygalacturonate lyase, xylanase and protease activities that were present in the cell-free supernatant (Ward & Fogarty, 19716) .
The mode of action of the purified preparation on the starch was examined by a viscosity method and by paper chromatography. When the viscosity of a 4 % starch solution incubated with the enzyme was compared with the amount of reducing groups produced, it was estimated that a 50% decrease in relative viscosity occurred when only 1.84 % of the bonds were hydrolysed. The breakdown products of enzymic digestion of starch were also examined after various incubation periods, by descending chromatography on Whatman no. 1 chromatography paper with ethyl acetate-pyridine-water (10:4:3, by vol) as solvent. Aniline phthalate was used to detect the products. Fig. 2 illustrates the results obtained. From the viscosity and chromatography studies it was concluded that the enzyme acted in a random rather than an endwise fashion.
Activity of the enzyme was not affected by 10mM-COZC, -Ni2+, -SrZ+, -Mg2+ or -Ca2+. On the other hand Mn2+, Hg2+, Cu2+, ZnZ+ and Cd2+ at a final concentration of 1 m M l ------ inhibited the enzyme to various degrees. The cation-chelating agent EDTA had no effect on amylase activity. The a-amylase inhibitor (Nutritional Biochemical Corp., Cleveland, Ohio, U.S.A.) completely inhibited enzyme activity. The stability properties of the enzyme have also been examined (Fogarty &Ward , 1 9 7 2~) .
Although the enzyme is quite stable, it does not possess the remarkable stability properties exhibited by the polygalacturonate lyase (Ward & Fogarty, 1972a,d) or the xylanase (Fogarty & Ward, 1973) elaborated by this organism.
By investigating further the enzymes associated with permeability increase of softwoods, it is hoped to elucidate the mechanism by which the individual enzymes contribute to this phenomenon.
